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ABSTRACT 

In this work, monodispersed, well-shaped platinum (3.2 - 6.4 nm), rhodium (2.4 - 5.1 nm), and palladium (3.2 - 5.3 nm) 
nanoparticles capped with poly(vinylpyrrolidone) (PVP) were synthesized by a polyol reduction method in an ethylene 
glycol solution at temperature of 190˚C. The influences of synthetic parameters on the size and morphology of the noble 
metal nanoparticles have been systematically investigated. The noble metal nanoparticles were characterized by means 
of UV-vis, laser scattering particle size distribution analysis (LSPSDA) and transmission electron microscopy (TEM). 
The experimental results showed that the particle size of metal nanoparticles, the morphology of which was spherical, 
increased with the raise of metal precursor concentration as well as the amount of PVP. The optimal molar ratio of 
PVP/metal and metal precursor concentration for the fabrication of Pt, Rh, and Pd nanoparticles with uniform distribu- 
tion were 10 and 0.1 mM, respectively. The morphologies of the Rh nanoparticles with the size of 5.1 nm were poly- 
gons, including hexagons, pentagons, and triangles. 
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1. Introduction 
Noble metal nanoparticles (NPs) with a narrow size dis- 
tribution are valuable technological importance because 
of their unique physi-chemical properties and applica- 
tions in the fields of catalysis, information storage, opto- 
electronics, sensors, fine chemicals synthesis, oil refining 
processes, and fuel cell technology. Uniformity of parti- 
cle size minimizes the dispersion of important properties 
that are critical in these operations, such as surface 
chemical activity and magnetic as well as electronic 
properties [1-7]. Thus, much attention has been paid in 
recent years to develop methods of synthesizing mono- 
dispersed and size/shape controlled noble metal nanopar- 
ticles (Pt [8-10], Rh [11-13], Pd [14,15], Ir [16], Au 
[17,18], and Ag [19,20]) by tuning the particle growth 
kinetics in the processes of fabricating. Recent years, 
many effective methods have been developed including 
seeded growth by polyol reduction [21], thermolysis of 
organometallics [22], modified polyol methods [23], and 
micelle techniques [24]. Since Pt, Rh, and Pd are impor- 
tant noble metals, the synthesis of the noble metal 
nanoparticles with size and shape regulated has thus be- 
come a fundamental research focus. For instance, So- 
morjai [11,21] reported that the Rh nanocrystals with 
morphologies of multipod, cube, horn, and cuboctahedra  
were synthesized successfully by the seeded growth in a 

polyol system. Xia and co-workers [23] investigated the 
synthesis and stability of Rh multipods in a polyol sys- 
tem, which showed interesting surface plasmonic proper- 
ties. By an organometallic approach, Son and co-workers 
[22] prepared monodispersed oleyl amine-capped Rh 
tetrahedral nanocrystals, which displayed excellent are- 
nes hydrogenation activities. Mukul [25] had demon- 
strated 1D nanostructures composed of Rh (0) and Rh (I) 
prepared by solution-phase synthetic approach. However, 
there was little work on the systematically investigation 
of size control in fabricating monodispersed Pt, Rh, and 
Pd nanoparticles. 

In this paper, we report a one-step polyol synthesis of 
monodispersed, well-shaped Pt (3.2 - 6.4 nm), Rh (2.4 - 
5.1 nm), and Pd (3.2 - 5.3 nm) nanoparticles at tempera-
ture of 190˚C in a polyol system, using ethylene glycol as 
the reducing solvent and poly(vinylpyrrolidone) as the 
capping agent. The varieties of particle size with an in- 
creasing in precursor concentration and the ratio of 
metal/PVP were illustrated. Especially, Rh nanoparticles 
in a smaller size (5.1 nm) were polygons, such as hexa- 
gons, pentagons, and triangles. The size of the Rh nanopar- 
ticles is smaller than that reported before. 

2. Experimental 
2.1. Chemicals and Reagents 

Hexachloroplatinum Acid Hydrate (H2PtCl6·6H2O, 99.9%), *Corresponding author. 
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rhodium (III) chloride hydrate (RhCl3·3H2O, 99.9%), and 
palladium (II) chloride (PdCl2, 99.9%) were purchased 
from Shanghai Jiuling Chemical Co., Ltd. Poly(vinyl- 
pyrrolidone) (PVP, Mw = 300,000) and ethylene glycol 
(EG, 99.0%) were received from Sinopharm Chemical 
Reagent Co., Ltd., the former was used as a stabilizer and 
the later was employed as the solvent and the reducing 
agent. All solvents (acetone and ethanol were used for 
rinsing) were analytical grade and used as received 
without further purification. All glassware were cleaned 
by using aqua-regia, subsequently rinsed with a plentiful 
amount of double-distilled water, and dried well prior to 
use. 

2.2. Synthesis of PVP-Capped Pt, Rh, and Pd  
Nanoparticles 

For synthesis of PVP-capped Rh nanoparticles, given 
amounts of RhCl3 (0.004 - 0.128 mmol) and PVP (0.04 - 
1.28 mmol) at a fixed Rh/PVP ratio of 1:10 were dis- 
solved in 40 mL of EG. The solution was heated to 
130˚C under stirring and was evacuated at this tempera- 
ture for 20 min to remove water and oxygen, resulting in 
an optically transparent orange-yellow solution and then 
heated to the desired reaction temperature of 190˚C, as 
well as maintained at this temperature for 2 h under N2 
atmosphere. During the reaction, the color of the solution 
gradually turned from orange-yellow to black. When the 
reaction was complete, an excess of acetone was poured 
into the solution at room temperature to form a cloudy 
black suspension. This suspension was separated by cen- 
trifugation at 4000 rpm for 10 min, and the black product 
was collected by discarding the colorless supernatant 
liquor. The precipitated Rh nanoparticles were washed 
with acetone and then redispersed in ethanol in a three- 
necked flask at room temperature. Pt nanoparticles were 
also prepared by using the same method, but instead of 
using PVP (0.04 - 1.92 mmol) dissolved in 40 mL of 
H2PtCl6 (0.004 - 0.192 mmol) in EG as starting materials. 

For the synthesis of Pd nanoparticles, an aqueous solu- 
tion of H2PdCl4 (50 mM) was prepared by completely 
dissolving 177.3 mg PdCl2 in 100 mL of 20 mM HCl in a 
boil water bath. 40 mL H2PdCl4 aqueous solutions with 
different Pd ions concentrations (0.12 mM, 0.24 mM, 
0.48 mM, 0.96 mM, 1.92 mM, 3.84 mM) and desired 
amount of PVP (0.05 - 3.0 mmol) were prepared in a 
three-necked flask. The rest of process is the same as the 
Pt and Rh nanoparticles preparation.  

2.3. Characterization  

The TEM images of the Pt, Rh, and Pd nanoparticles 
were collected on a transmission electron microscope 
(JEOL JEM-2100F and JEM-2010) operated at 200 kV. 
The shape and size of the nanoparticles were analyzed 

according to the images. The TEM samples were pre- 
pared by placing a drop of Pt, Rh, and Pd nanoparticles 
dispersed in ethanol onto a continuous carbon-coated 
copper grid.  

The UV-vis absorption spectra of the samples were 
measured on a Shimadzu UV-2450 (200 - 800 nm) 
equipped with a 1 cm path length quartz cuvette.  

The particle size distribution was measured with a La- 
ser Scattering Particle Size Distribution Analyzer (PSS- 
NICOMP 380 ZLS). The test of nanocolloid was con- 
ducted at 25˚C. The samples were redispersed in ethanol, 
hence the liquid viscosity was set to 1.200 cp, and the 
liquid index of refraction was 1.359. Then there were two 
cycle tests for each sample. Based on the specific calcu- 
lated results, the particle size distribution curves were 
given as seen in this paper. 

3. Results and Discussion 

3.1. UV-Vis Spectra of Pt, Rh, and Pd  
Nanoparticles 

UV-vis Spectrum is an effective method to investigate 
whether the metal precursors are completely reduced or 
not [12,13]. The UV-vis spectra of H2PtCl6, RhCl3, and 
H2PdCl4 solutions were recorded before the reduction. 
The results are showed in Figure 1. For the solution of 
H2PtCl6, there was an obviously absorption peak at 295 
nm with a weak peak at 342 nm. Three absorption peaks 
at 288, 253 and 475 nm as well as at 287, 324, and 434 
nm could be observed over the RhCl3 and H2PdCl4 solu- 
tions, respectively, which could be attributed to the charge 
transfer from the ligand of Cl− to Pt4+, Rh3+, and Pd2+ 
ions in solution. The UV-vis spectra of the reaction sys- 
tem were measured after refluxing the EG solution of 
metal ions in the presence of PVP and shown on Figures 
2 and 3. No significant absorption peak was found on the 
spectra displayed on Figures 2 and 3, indicating that all 
of the metal ions were reduced completely. 

3.2. The Influence of Precursor Concentration 

The particle size distributions were evaluated by the 
TEM experiments and laser scattering particle size dis- 
tribution analysis. The TEM images of the Pt, Rh and Pd 
colloids were summarized on Figures 4-6, from which 
one can found that Pt, Rh, and Pd nanoparticles were 
dispersed uniformly with morphology of sphere shape 
and a narrow size distribution. The insets in Figures 4-6 
are the corresponding size distributions obtained from the 
statistics of TEM images by counting about 100 parti- 
cles. 

From Figures 4-6, one can see that, at a given reaction 
temperature, the size of the Pt, Rh, and Pd nanoparticles 
could be tuned by changing th  concentrations of H2PtCl6,  e   

Copyright © 2012 SciRes.                                                                                  SNL 



Controlled Synthesis and Characterization of Noble Metal Nanoparticles 

Copyright © 2012 SciRes.                                                                                  SNL 

36 

 

 
(a)                                   (b)                                    (c) 

Figure 1. UV-vis spectra of H2PtCl6 (a); RhCl3 (b) and H2PdCl4 (c) solutions. 
 

 
(a)                                   (b)                                    (c) 

Figure 2. UV-vis spectra of Pt, Rh, Pd nanoparticles prepared on different concentration of H2PtCl6 (a); RhCl3 (b) and 
H2PdCl4 (c) solutions. 
 

 
(a)                                   (b)                                    (c) 

Figure 3. UV-vis spectra of Pt, Rh, Pd nanoparticles prepared with different ratios of Pt/PVP (a); Rh/PVP (b) and Pd/PVP (c). 
 
RhCl3, and H2PdCl4. For example, at 190˚C with [RhCl3] 
= 0.1 mM, the average size of Rh nanoparticles was 2.4 
nm (Figure 5(a)). 

As the concentration of RhCl3 increased to 0.2 mM, 
the size of Rh nanoparticles increased to 2.7 nm with the 
better monodispersion (Figure 5(b)). In the RhCl3 con- 
centration range of 0.1 to 3.2 mM, the Rh nanoparticles 

size enlarged as the RhCl3 concentration increased. Rh 
nanoparticles with a mean diameter of 2.4 nm (Figure 
5(a)), 2.7 nm (Figure 5(b)), 2.9 nm (Figure 5(c)), 3.2 
nm (Figure 5(d)), 4.0 nm (Figure 5(e)), and 5.1 nm 
(Figure 5(f)) were synthesized with the RhCl3 concentra- 
tion of 0.1, 0.2, 0.4, 0.8, 1.6, and 3.2 mM, respectively. 
Similarly, Pd nanoparticles with a mean diameter of 3.2  
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Figure 4. TEM images and the corresponding size distributions of Pt nanoparticles synthesized at the H2PtCl6 concentration 
of 0.1 mM (a); 0.3 mM (b); 0.6 mM (c); 1.2 mM (d); 2.4 mM (e) and 4.8 mM (f). 
 

 

Figure 5. TEM images and the corresponding size distributions of Rh nanoparticles synthesized at the RhCl3 concentration of 
0.1 mM (a); 0.2 mM (b); 0.4 mM (c); 0.8 mM (d); 1.6 mM (e) and 3.2 mM (f). 
 
nm (Figure 6(a)), 3.3 nm (Figure 6(b)), 4.0 nm (Figure 
6(c)), 4.4 nm (Figure 6(d)), 4.8 nm (Figure 6(e)), and 
5.3 nm (Figure 6(f)) were synthesized with the H2PdCl4 
concentration of 0.12, 0.24, 0.48, 0.96, 1.92, and 3.48 
mM as well as the Pt nanoparticles with a mean diameter 
of 3.2 nm (Figure 4(a)), 4.6 nm (Figure 4(b)), 5.7 nm 
(Figure 4(c)), 6.1 nm (Figure 4(d)), and 6.4 nm (Figure 
4(e)) were synthesized with the H2PtCl6 concentration of 
0.1, 0.3, 0.6, 1.2, and 2.4 mM, respectively. 

The average particle size of Pt, Rh, and Pd nanoparti- 
cles measured by laser scattering particle size distribution 
analysis was shown in Table 1. Group (a) was referred to 

the concentration of Pt, Rh and Pd precursors, which was 
consistent with that shown in Figures 4(a), 5(a) and 6(a). 
Similarly, the concentrations of Group (b), (c), (d), (e) 
and (f) were also referred to that in Figures 4-6, respec- 
tively. It could be seen that the average sizes obtained by 
Laser Scattering Particle Size Distribution Analyzer were 
larger than those given by TEM images. This may be at- 
tributed to two reasons: 1) it was due to the metal nano- 
prticles attached with capping agent, which would take 
deviations towards larger sizes; 2) the size distributions 
here was referred to the aggregated particles, also called 
the particle reunion. Though he software has a function  t 
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Figure 6. TEM images and the corresponding size distributions of Pd nanoparticles synthesized at the H2PdCl4 concentration 
of 0.12 mM (a); 0.24 mM (b); 0.48 mM (c); 0.96 mM (d); 1.92 mM (e) and 3.84 mM (f). 
 
Table 1. The average particle size of Pt, Rh, and Pd nanoparticles measured by laster scattering particle size distribution 
analysis (I) and TEM (II), respectively. 

Particle size/nm (I) Particle size/nm (II) 
Group 

Pt NPs Rh NPs Pd NPs Pt NPs Rh NPs Pd NPs 

a 28.6 11.1 18.3 3.2 2.4 3.2 

b 5.0 2.8 4.0 4.6 2.7 3.3 

c 5.8 3.5 10.3 5.7 2.9 4.0 

d 10.4 7.2 13.3 6.1 3.2 4.4 

e 15.1 12.1 13.9 6.4 4.0 4.8 

f 9.4 15.9 14.1 4.1 5.1 5.3 

 
to eliminate the influence by the particle aggregation, the 
reunion effect still existed as a result of the inter-mo- 
lecular force.  

However, it was more intuitive and accurate to obtain 
the particle size distribution with TEM images. One can 
obtain the size distribution, as well as the shape, structure 
and surface textile information of the particles over the 
TEM results. 

In the process of the noble metal nanoparticles fabrica- 
tion, the initially formed metal atoms self nucleated to 
form a fixed number of seeds during the first stage of the 
reaction, and the particles then continued to grow by dif- 
fusion-driven deposition of metal atoms onto the existing 
seeds. High noble metal precursor concentration leaded 
to fast reduction at given temperature and a decrease in 
the reduction temperature, i.e. the temperature of the or- 
ange-yellow solution becoming to black color in our ex- 
periments. For instance, the reduction rate of Rh3+ be- 

came slow at low RhCl3 concentration and the consump- 
tion of Rh atoms decreased during particles growth, re- 
sulting in the production of smaller Rh nanoparticles. 
Therefore, the size of Rh nanoparticles increased with the 
increasing RhCl3 concentration in the range of 0.1 - 3.2 
mM. The optimal metal precursor concentration for the 
fabrication of Rh nanoparticles with smaller uniform 
distribution was 0.1 mM. The similar phenomena were 
also observed as the Pd and Pt nanoparticles were syn- 
thesized. The same result can be found in the report 
given by Zhang [12]. 

However, as the concentrations of metal precursor 
were much high, the reduction rate of metal ions would 
be accelerated to generate too many metal atoms with 
zero valence in a short period of time, leading in size poly- 
dispersity for metal nanoparticles [12,13]. It is found that 
when the concentration of H2PtCl6 increased to 4.8 mM, 
the Pt nanoparticles became smaller in average size and 
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the aggregations of particle began to appear. For example, 
as for the Pt nanoparticles fabrication, as the concentra- 
tion of H2PtCl6 was enhanced to 4.8 mM, the size of Pt 
nanoparticles decreased to 4.1 nm (Figure 4(f)).  

3.3. The Influence of Metal/PVP Ratio 

Besides the concentration of metal precursor, the amount 
of capping agent, such as PVP, and the ratio of metal/ 
PVP also have significant effects on the size and mor- 
phology of the metal nanoparticles prepared by the 
polyol reduction. According to the effect of concentra- 
tion, we know that the optimal metal precursor concen- 
tration for the fabrication of Pt, Rh, and Pd nanoparticles 
with uniform distribution and relatively small size was 
0.1 mM. At the fixed metal precursors concentration and 
reduction temperature, the investigation for the effects of 
the amount of PVP on the preparation of the Pt, Rh, and 
Pd nanoparticles were also carried out. Based on the re- 
sults of size measurement over a LSPSDA, the relation- 
ships between the size of metal nanoparticles and the 
ratio of Pt/PVP, Rh/PVP, and Pd/PVP, which varied 
from 1:5 to 1:40, were summarized in Figure 7. It is clear 
that as the amount of PVP increased, the average particle 
size had a tendency to decrease firstly and then increase 
fast. It is consistent with other reports [26]. The optimal 
molar ratio of metal/PVP was 1:10. When the ratio of 
metal/PVP was larger than 1:10, the average size of the 
metal nanoparticles increased slightly. When the ratio of 
metal/PVP was smaller than 1:10, the particle size in- 
creased with the reducing of the metal/PVP ratio. PVP as 
an effective stabilizer and protecting agent can limit par- 
ticle growth and prevent the particles from aggregation. 
But PVP also could induce the reduction of metal in eth- 
ylene glycol and speed up the kinetics of particle forma- 
tion [26]. PVP and metal nanoparticles formed a complex 
 

 

Figure 7. Particle-size curve respected to the ratio of Pt/ 
PVP, Rh/PVP and Pd/PVP. 

by coordinate bonds between the surface sites of noble 
metal nanoparticles and N as well as O atoms of PVP, 
which resulted in a low concentration of free noble metal 
nanoparticles and a decrease in the electrode reduction 
potential of the metal ion, and then speeded up the reduc- 
tion rate of metal ions as well as the consumption of metal 
atoms during particle growth process. As the concentra- 
tion of PVP was excessive, it would restrain the diffusion 
of the metal nanoparticles. Therefore, the dispersion of the 
nanoparticles became more difficult and aggregation 
would be occurred again, leading to an increase in the 
metal nanoparticle size. 

4. Conclusion 

Using H2PtCl6, RhCl3, and H2PdCl4 as the metal precur- 
sors, PVP-capped Pt (3.2 - 6.4 nm), Rh (2.4 - 5.1 nm), 
and Pd (3.2 - 5.3 nm) nanoparticles with a narrow parti- 
cle size distribution were successfully synthesized in 
ethylene glycol at temperature of 190˚C under N2. The 
size of the Pt, Rh, and Pd nanoparticles could be ma- 
nipulated by varying the metal precursor concentration 
and the ratio of PVP/metal because of the well-controlled 
precursor reduction kinetics in the nucleation and parti- 
cles growth stages. The polyol method has the merits of 
one-step synthesis, easy operation, and good reproduci- 
bility. Overall, it provides a good way for the size con- 
trolling of Pt, Rh, and Pd nanoparticles in solution. The 
optimal malor ratio of PVP/metal and metal precursor 
concentration for the fabrication of Pt, Rh, and Pd NPs 
with uniform distribution were 10 and 0.1 mM, respec- 
tively. 
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